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Introduction
All new member states (NMS) of the EU face a trade-off between exchange rate stability and flexibility. The recent literature on optimum currency area (OCA) criteria in the NMS surveyed by Fidrmuc and Korhonen (2006) shows that these countries increasingly constitute an optimum currency area with the EMU. Similarly, Horváth (2007) finds that the NMS fulfill OCA criteria at approximately the same level as the euro area countries before they adopted euro, suggesting that the benefits of exchange rate stability may prevail.
By contrast, the developments especially in Central Europe 1 showed a process of increasing exchange rate flexibility during the previous decade (see Markievicz, 2006, and Frömmel and Schobert, 2006) . This development has been reversed only recently by the first accessions to the Exchange Rate Mechanism II (ERM II) and the starting process of euro adoption in the NMS of the EU. 2 In the specific conditions of these countries, relatively flexible exchange rate regimes have appeared to be appropriate to deal with the high capital flows, productivity improvements and the appreciation of exchange rates also in nominal terms (see Égert and Lommatzsch, 2004) . At the same time, the exchange rate peg was replaced by monetary policies, putting more emphasis on inflation stabilization. Actually, nearly all countries of our sample have adopted different types of inflation targeting. exchange rates. On the other hand, this development corresponds also to the fear of floating phenomenon analyzed by Calvo and Reinhart (2002) .
These arguments mean that some NMS are likely to pursue a de facto exchange rate policy of implicit target zones around time-varying target exchange rates, 4 which is similar to the proposal of target zone around a fundamental equilibrium exchange rate proposed by Williamson (1985) , Edison et al. (1987) , and Chmelarova and Schnabl (2006) . Similarly like in Krugman's (1991) exchange rate target zone model, the volatility of exchange rate at the borders of target zones should be smaller than in the area close to the central parity if the regime is fully credible. In the opposite case, we should observe that exchange rate volatility increases with the distance from the target exchange rates. The opposite case is especially appealing for us, as we model the countries that did not adopt official target zones, but rather tried to keep the exchange rates relatively stable.
Furthermore, expectations may be in principle formed differently in the appreciation and depreciation parts of the target zones (either de jure or de facto), which may cause systematic asymmetric effects. This pattern of exchange rate behavior can be estimated by generalized autoregressive conditional heteroskedasticity (GARCH) models.
Potential asymmetry in exchange rate volatility is addressed by threshold autoregressive conditional heteroskedasticity (TARCH) models.
The paper is structured as follows. The next section reviews the literature on the exchange rate target zones. Section 3 presents data and Section 4 estimates GARCH models. Finally, Section 5 concludes. Additionally sensitivity results are presented in the appendix.
Related Literature
A fixed exchange rate regime with a non-zero fluctuation band is generally referred to as a target zone (see for example Ghosh et al., 2003 The selected new member states of the EU used highly heterogeneous de facto and de jure exchange rate policies. All countries in our sample allowed officially for free exchange rate movement to a significant degree. However, only Poland has been widely 
Results

GARCH Models
The GARCH models are generally applied for the estimations of the conditional volatility of high-frequency (daily) exchange rate changes (see Baillie and Bollerslev, 1989) . Following Engle and Gau (1997), we test one of the implications of the Krugman (1991) model of target zones. Krugman shows that the conditional volatility of exchange rate decreases as exchange rate approaches the edge of the target band. As a result, we estimate whether the deviation of the exchange rate from its target rate decreases the conditional volatility. Our baseline specification is a GARCH(1,1) model, 
where s D and s F denote the spot daily exchange rate of currency to euro and the time varying target rate (moving average of ±120 trading days), respectively. We do not include any explanatory variables except for constant to equation (1), because daily exchange rates are expected to be influenced largely by news and other random events (see Bask and Fidrmuc, 2006 , for the discussion of high-frequency exchange rate movements in the NMS). The constant term in equation (1), μ, shows the average rate of appreciation or depreciation. The error term, ξ, of the mean equation (1) is assumed to have a time varying conditional variance, σ 2 , specified by equation (2).
The conditional variance equation includes in addition to the ARCH term, ξ 2 t-1 , the GARCH term, σ 2 t-1 , and the distance between the spot and the target exchange rates, which is the major variable of our interest. Krugman's (1991) model implies that δ is negative, i.e. the conditional volatility decreases as exchange rate moves towards the edge of the band, as long as the announced or implicit target zones are fully credible.
The opposite is true for the target zones subject to speculative attacks and low credibility. Finally, we expect no relationship between the conditional variance and the target exchange rates if no implicit target zones are specified. Second, we can see that the conditional volatility significantly depends on actual lagged squared error term and lagged conditional variance of the error term.
Furthermore, the sum of the ARCH and GARCH term is relatively high, which
indicates that the volatility of the shocks in all countries is quite persistent.
Nevertheless, the sum of both coefficients is significantly lower than unity in all countries except for Romania.
Finally, we find that the deviation of the spot exchange rate from its target level is positive and highly significant for all the countries. This implies that as the target bands were implicit, they suffered generally under their low credibility. Similarly to e.g. 7 We report GARCH (1,1) for the ease of exposition as we find that this specification has the lowest Schwartz information criterion for almost all countries. .002
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TARCH Models
We can often see that the volatility of financial variables is different along positive and negative trends (see Engle and Ng, 1993) . The downwards movements of share prices are usually associated with higher volatility of financial data. In this regard, Zakoïan . 9 This pattern of behavior may play an 8 We have also included the distance between the spot and implicit target rate in the mean equation.
Except Romania, the coefficient was never significant at any obvious significance level. In case of Romania, we find that the positive impact of distance on the changes of exchange rate, which likely corresponds to the exchange rate policy of crawling band. These results are available upon request. Correspondingly, we extend the standard TARCH model as we take into account also the position of the spot exchange rate in relation to its target value. Our estimation specification is as follows, whether the spot exchange rate is also below the target value (that is, in the appreciation part). For these two countries, the appreciation movements are less volatile also if they start in the depreciation part of the implicit target band. The opposite is true for Romania. Furthermore, we can see that that the asymmetric effects of exchange rate misalignments, δ 2 , are significant in all countries (see Table 3 ). 10 Negative deviations of the spot exchange rate from the target value (that is, spot exchange rate located in the appreciation area) increase significantly the volatility of daily exchange rates. This finding indicates that the target zones are less credible in the appreciation part in these countries.
11 By contrast, we can see that the persistence of exchange rate shocks is lower during the appreciation periods. Only in Romania we can find as before that the exchange rate volatility is persistent in the appreciation area of the implicit target zone.
Additionally, we performed several sensitivity analyses similar to those for GARCH models. First, the time varying implicit target rate was proxied by Hodrick-Prescott filter instead of moving average. Next, EGARCH model was applied to assess the asymmetries further. Overall, the results from sensitivity analysis confirm those of baseline specification. Table 3 . On the one hand, we can see that the conditional variance increases as the actual exchange rate deviates from its implicit target rate. This relationship seems to be asymmetric in all NMS except for Poland. In particular, the relationship between the exchange rate deviations from the target value is steeper in the appreciation area.
On the other hand, the points with the extreme conditional volatility are often observed around the target values of exchange rates, which is consistent with the target zone model. However, there are also observations with comparably high values of exchange rate volatility in the depreciation area of the implicit target zones especially in Hungary, Slovakia and Romania.
10 Correspondingly, the development pattern of exchange rate volatility is similar to that presented in Figure 2 . Detailed results are available upon request from authors.
11 Note that, by definition, the opposite is true for the depreciation side of the target zone.
Conclusions
We analyze high frequency exchange rate dynamics in selected NMS that introduced inflation targeting regime. Our sample consists of five NMS (Czech Republic, Hungary, Poland, Slovakia and Romania). These countries maintained relatively free exchange rates between 1999 and 2006.
Following the target zone model by Krugman (1991) , we examine the exchange rate volatility in connection to the estimated target exchange rate. We estimate GARCH models of daily exchange rate volatility. We find that the volatility is quite persistent in all NMS. In addition, the exchange rate is more volatile if it is far away from its implicit target rate in all analyzed countries. This indicates that there may be implicit exchange rate target zones in some of these countries, however, which suffer under insufficient credibility. Finally, our TARCH results point to systematic asymmetries in the exchange rate volatility in the NMS. The volatility of exchange rate is significantly more pronounced especially during the periods of exchange rate appreciation in all analyzed countries.
Given the persistent volatility of exchange rates in all analyzed NMS, the policy of inflation targeting seems to be an attractive option before the euro adoption. Our 
Appendix: Sensitivity Analysis
In addition to the comparison of GARCH and TARCH models, this appendix presents additional sensitivity analysis according the following lines. First, we use the HodrickPrescott filter in Table A .1 to proxy the target value of the exchange rate instead of the moving average. The smoothing parameter of the Hodrick Prescott filter was selected as λ = 6,812,100, which corresponds to approximately s = 261 trading days (the average number of trading days in our data sample) and the generalized relationship λ = 100 s 2 (see Artis et al., 2003 , Appendix E, page 53). We estimate the GARCH and TARCH models for the same period in order to make the results directly comparable.
Second, we present our estimations for the period after nearly all analyzed countries Furthermore, the recent period excludes the first years of inflation targeting policy in the Czech Republic and Poland (inflation targeting was officially introduced in 1998 in both countries), which might be less credible in the first year of application. We expect that countries following pure inflation targeting policy are likely to show no significant differences in exchange rate volatility with respect to the target exchange rates. Alternatively, we used also different sub-samples (e.g. the ERM II membership of Slovakia), which are available upon request.
Both extensions confirm the previous results. Mostly important from the perspective of the analyzed topic, the deviation between the spot exchange rate and the various proxies of the target level is found to be positive and significant for all countries except
Poland and the Czech Republic in the period of the EU membership. In the former case, the coefficient is positive while insignificant, while it is negative and insignificant at the latter case. Actually, this finding confirms our previous conclusions, because both Poland and the Czech Republic have followed efficiently the policy of inflation targeting in this period. Thus, we can see that the application of the inflation targeting helps possibly to reduce the volatility of the exchange rates.
We performed both extensions also for TARCH models with similar results (see Table A .3 and A.4). Furthermore, we estimated asymmetric effects also in exponential generalized autoregressive conditional heteroskedasticity (EGARCH) models proposed by Nelson (1991) , which are defined as 
